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(54) InkJet printhead alignment via measurement and entry 



(57) Optical measurement is made for each nozzle 
(56) position of a printhead (38-44) relative to each print- 
head of an Inkjet printing device (10). Altematlvety, the 
measurement is made for each nozzle relative to a ref- 
erence point. The reference point, for example, is a da- 
t urn projection or indentation (i) on the printhead ( e.g., 
72-78), (ii) integral to the pen body (e.g.. 82-88), or (iil) 
on the pen carriage. The measurement data subse- 



quently is stored for later access. Alternative storage 
schemes include local storage in electronic memory as - 
socia ted with the pen and physical storage via bar code, 
magnetic stripes or physical markings. The stored align- 
ment data thereafter is retrieved and input to printhead 
nozzle management software to adjust the timing for fir- 
ing respective nozzles. The timing is adjusted to com- 
pensate for misalignment and achieve accurate dot 
placement on a media sheet. 
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D scrfption 

BACKGROUND OF THE INVENTION 

This invention relates generally to inkjet printer con- s 
struction, and more particularly to alignment of Inkjet 
printhead(s) and timing for firing inkjet nozzles. 

Inkjet printheads operate by ejecting a droplet of ink 
through a nozzle onto a media sheet. When a number 
of nozzles are arranged in a pattern, such as into one io 
or more linear arrays, a properly sequenced ejection of 
ink from each nozzle causes characters or other images 
to be printed onto the media sheet. For a scanning-type 
printer, the printhead is scanned across the media 
sheet, while the media sheet is registered to move along 
a media path. A timing sequence for firing the nozzles 
determines the nnarkings and quality of markings ap- 
plied to the media sheet. 

Color inkjet printers typically include a plurality of 
printheads, for example four, mounted In a print carriage 
to produce different colors. Each printhead corresponds 
to ink of a different color, with black, cyan magenta and 
yellow being the common colors. These base colors are 
produced by ejecting a drop of desired color onto an ap- 
propriate dot location. Secondary or shaded colors are 2s 
formed by depositing multiple colors onto the same dot 
location. Print quality is especially important for color 
printing where the colors must overlay precisely to cre- 
ate the desired shading or secondary color. One source 
of degradation is improper placement of the ink drop. 30 

Inkjet printing resolutions of 300 dots per inch and 
600 dots per inch {'dpi') are common. To achieve accu- 
rate placement of the ink drop on the media sheet, align- 
ment of the nozzle and media sheet is required. One 
approach for alignment is to position the printheads and 3S 
media sheet at absolute known locations. This approach 
is referred to as absolute positioning. The inkjet carriage 
assembly is positioned at a known position within the 
printer. The carriage is positioned at a known position 
on the carriage assembly. The inkjet pens are positioned 40 
at known positions on the carriage. Each printhead Is 
positioned at a known position on its pen and each noz- 
zles is positioned at known positions on the printhead. 
Force loading is one known method for positnning a pen 
at a desired location. Precise alignment between two or 
more inkjet printheads affixed to print cartridges in- 
stalled in a single carriage is achieved by machining da- 
tum projections on each print cartridge after its printhead 
has been permanently installed. Absolute positioning al- 
so is performed for the media sheet and media handling so 
subsystem. The absolute positioning approach requires 
precise manufacturing and assembly of components. At 
the desired accuracies, absolute positioning is expen- 
sive and difficult to achieve. 

An altemattv approach is to achlev careful r la- ^ 
five positioning. Relative positioning involves modifying 
the timing wh n firing nozzt s to compensate for varia- 
tions in absolute alignment. According to on known 



method, test line segments printed by a printh ad are 
optically det cted to determine variations In alignment. 
Th printhead firing sequence is calibrated to reduc or 
eliminat the variations in absolute alignment. Accord- 
ing to another known method, drops are fired through 
an aperture plate. A pattern of detects and no detects 
of ink at the aperture plate identifies variations in abso- 
lute alignment and allows for compensation. Other ap- 
proaches Include optically detecting passage of a print- 
head^past a known position along its scanning path. 

SUMMARY OF THE INVENTION 

According to the invention, ratherthan manufacture 
a printhead to be absolutely aligned relative to Its sup- 
port assembly, looser tolerances are allowed during 
manufacture. Once the printhead is permanently se- 
cured relative to its support assembly and the pen is in- 
stalled in its shuttle carriage, tjie p rinthead nozzle posi - 
tions are measured optically. The position measure- 
ments are stojg dJtoeruised Jater for calibrating the no? - 
zle timing. Because it is easier to measure to finer pre- 
'c is ion than to manufacture to fine precision, a more ef- 
ficient (i.e., less costly) and highly effective method is 
achieved for printing accurately. 

According to one aspect of the invention, an optlcal^ 
measurement is made for each no zzle positfoh relative 
t5"5ach"prtnthga d of ihe p rimer . Alternatively, the meas- 
urement' is made for each nozzle relative to a reference 
point. The reference po int, for example, is a datum pro- 
jection orSnd entati on (i) on the printhp art, (ii) integral fo 
the pen jody, or (iii)on Jhe pen carriage. T his optical 
n r^easurement data is i nriiratK/Q nf p rinthead alignment 
GLtnisalignraent. 

According to another aspect of the invention, the 
measurement data is stored for later access. Alternative 
storage schemes include local storage in electronic 
memory associated with the pen and physical storage 
via a bar code or similar pattern. Because the nozzles 
may exhibit a pattern of non-alignment (e.g. , same offset 
for every nozzle or a rotation progressive among noz- 
zles], another method for storing the measurement data 
is to apply markings to the pen which exaggerate the 
lack of alignment. For example, if adjacent nozzles are 
offset by 0.02 inches in one dimension (e.g., x-axis) and 
by 0.04 inches in another dimension (e.g., y-axis) and 
the nozzle array is rotated by 0.1 degrees, a set of two 
markings (e.g., crosses) is applied to the pen at 0.2 inch 
and 0.4 inch offsets and rotated by 100 degrees. For 
such example, the offsets are exaggerated by a known 
factor of 10 and the rotation is exaggerated by a known 
factor of 1000. In a preferred embodiment mechanical 
crosses are used. One cross is fixed, while the other is 
movable and rotatable to set the cross at an x, y and 
rotatbnal offset. 

According to another aspect of the invention, the 
stored alignment data is retrieved and input to printhead 
nozzle management software to adjust the timing for fir- 
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ing respectiv nozzles. The timing is adjusted to com- 
pensate for misalignment and achieve accurate dot 
placement on a media sheet. According to alternative 
methods, the alignment data is automatically read or 
manually fedT ntothe nozzle management software. F or 
example, daia stored in local memory is accessed elec- 
tronically and Input to the management software. Alter- 
natively an optical ^gvirfi QranQ the har rnHp anri f 
the dat^o the management software. Altematively a 
Ijsertvpefi in tha riy^ta to a computer coupled to the prin t- 
^efffgrg. using a utility program environment). The data 
then is fed to the printer's nozzle management software. 

O ne advantage of the invention is the manufactu r- 
i ng tolerances for print er narriagft and pe n component s 
can b e slightly_ relaxe.d--wbece-bu£dfi nsome^ Such re- 
laxed tolerances are accounted for by the optical meas- 
urement and storage of alignment data. T hus, one or 
more printheads are able to print to desired accuracies . 
These and other aspects and advantages of the inven- 
tion will be better understood by reference to the follow- 
ing detailed description taken in conjunction with the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an Inkjet printing device; 
Fig. 2 is a perspective view of an inkjet pen car- 
tridge; 

Fig. 3 Is a partial planar view of side by side inkjet 
printheads; 

Fig. 4 is a block diagram of an inkjet printing device 
and optical measuring system for performing optical 
measuring steps according to method embodi- 
ments of this invention; and 
Fig. 5 is a planar view of a Inkjet pen according to 
one embodiment of this invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Inkjet Printing Device and Printhead Misalignment 

The present invention encompasses a method and 
apparatus for compensating for misalignment of inkjet 
printheads and printhead nozzles. Misalignment is 
measured optically with measurements stored for later 
access. The measurements are subsequently used to 
adjust the timing for firing inkjet printhead nozzles. Fig. 
1 shows a simplified block diagram of an inkjet printing 
apparatus 10. A media sheet 12 is driven along a media 
path via a drive roller 14 and platen motor 16 in a direc- 
tion arbitrarily designated as the "y" direction. The media 
sheet 12 is moved adjacent to inkjet pens 18, 20, 22, 
24. The pens 18-24 are mounted in a carriage 26 and 
scanned in an "x" direction along a rod 28 by a carriage 
motor 30. A position controller 32, as further described 
in U.S. Patent No. 5,070,410, controls the platen motor 
16 and carriage motor 30. 

During operation, the media sheet 12 is positioned 
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adjacent to the inkjet p ns 18-24. The pens eject ink 
droplets onto the media sheet in desired patt ms to form 
characters, symbols, graphics or other markings. A 
droplet firing controller 34 defines the timing for firing 
s respective nozzles on the respectiv printheads 38, 40, 
42, 44 of the pens 18. 20. 22, 24. Typically, the media 
sheet 12 is advanced incrementally (e.g., registered) or 
continuously, according to the specific embodiment. Al- 
so, droplets are ejected while scanning the sheet 12 in 
one direction along the x-axis 46, or in both directions 
along the x-axIs 46. 

Fig. 2 shows an inkjet pen 18 typical of all the pens 
18-24. Typically, a portion of the pen volume is dedicat- 
ed to the containment of ink. A printhead 38 is affixed at 
one end of the pen 18 and internally coupled to the sup- 
ply of ink. Electrical connections are made to heated re- 
sistors within the printhead 38 by a flexible circuit 52. 
The flexible circuit 52 also couples to associated con- 
nectors at the carriage 26 (of Fig. 1 ). For multiple pen 
embodiments (e.g., colored printing devices), the pens 
are arranged side-by-slde. Mating connectors (not 
shown) at the carriage 26 establish the electrical con- 
nections to the flexible circuit 52. 

Fig. 3 shows a portk>n of the pens 1 8-24. along with 
their associated printheads 38-44 arranged side-by- 
side. Each printhead Includes one or more rows 54 of 
nozzles 56. The nozzles are aligned at a known orien- 
tation, typically parallel to the y direction. Often, howev- 
er, the printhead or the nozzles are manufactured slight- 
ly out of alignment. For viewing and discussion purpos- 
es, the nozzles 56 in Fig. 3 are shown to be of an exag- 
gerated size and spacing, and to be out of alignment by 
an exaggerated amount. For printhead 38 the nozzles 
are shown in two properly aligned rows at uniform spac- 
ing and orientation. For printhead 40 the nozzles are 
shown in two parallel rows at uniform spacing. The rows, 
however are at a skewed rotatk>n relative to the y direc- 
tion. For printhead 42 the nozzles are shown in two par- 
allel rows at a skewed direction different than for print- 
head 40. The printhead 42 nozzles also are shov\/n to 
be of nonuniform spacing along the length of each row. 
for example, a nozzle 62 is offset by a distance yl relative 
to a uniform spacing location along the row fir such noz- 
zle. For printhead 44 the rows and nozzles are out of 
alignment. The rows are skewed relative to the y direc- 
tion. The nozzles are of non -uniform spacing along the 
length of each row. Several nozzles also are offset rel- 
ative to the row orientation. For example nozzle 64 is 
offset in an x direction by a distance x1 . 

In other instances, a printhead or pen is offset or 
skewed relative to the other printheads or pens. Such 
misalignments typically occur during manufacture or as- 
sembly of the Inkjet pen or inkjet printing device (e.g., 
printer, copier, fax). Prior solutions have addressed im- 
provements in the manufacturing or assembly proc ss- 
s to achieve desired alignments. Alignments out of tol- 
erance (i.e., misalignments) are treated as d fects. 
The following sections describe methods for meas- 
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uring misalignment, storing such measurem nts, re- 
trieving such measurement and compensating for mis- 
alignment. 

Optical Measurement 

Although, manufacturing and assembly to tight tol- 
erances may be performed as in prior approaches, tol- 
erances alternatively may be relaxed to accept greater 
misalignment during the manufacture and assembly 
steps. Preferably the pen Is aligned to achieve a good 
Interconnection between printhead and off-prlnthead 
electronic signal paths. In addition it also is preferred 
that the flexible circuit 52 be reliably sealed to the pen 
body so as not to bubble or otherwise exhibit significant 
offsets out of the plane of the printhead (i.e., in a z di- 
rection orthogonal to the x and y directions). Further, it 
is preferred that for any given nozzle the nozzle opening 
b aligned with its corresponding firing chamber to an 
accuracy necessary for a desired print quality. With such 
accuracy starting points remaining in the manufacturing 
process, misalignments in manufacturing and assem- 
bling the printheads with respect to Its pen body are ad- 
dressed. 

According to various alternative methods of this in- 
vention, misalignment of the printhead and nozzles is 
measured optically. Fig. 4 shows a block diagram of the 
Inkjet printing device 10 and an optical measuring sys- 
tem 70. According to varying embodiments the optical 
measuring system 70 is a stand-atone system or an In- 
t gral part of the printing device 10. The optical meas- 
uring system includes one or more light-emitting or in- 
frared emitting devices and one or more light detection 
or infrared detection devices. In addition the system 70 
includes structures for directing and/or scanning the 
emitting and detecting devices to desired locations, 
along with logic or processing devices for determining, 
absolute or relative posltbn measurements. For exam- 
ple, in one embodiment the system 70 Is locked on a 
first target, then a second target, thereafter, the distance 
between the two targets is calculated. 

According to one measuring method of this inven- 
tion, the distance from each nozzle 56 of a given print- 
head 38 to a reference point 72 on such printhead 38 is 
measured by the system 70. The positran of each nozzle 
56 on such printhead 38 also Is measured with respect 
to reference points 74, 76, 78 on each of the other print- 
heads (e.g., 40, 42, 44). The process then is repeated 
for each nozzle on each printhead 40-44. The reference 
points 72-78 are datums manufactured Into each print- 
head as an elevated structure of known size and shape. 
According to an alternative method step, the position of 
each nozzle is optically measured with respect only to 
the reference point on the same printhead as the nozzle 
being measured. In such emtxxJiment the optical meas- 
uring system measures th distanc between each r f- 
erenc point 72-78 of each printhead 38-44. 

According to another alternative embodiment, the 



position of each nozzle of ach printh ad is measured 
with respect to a reference point on the pen body upon 
which each given nozzle resides. Thus, the nozzles of 
printhead 38 are measured with respect to a reference 

6 point 82 on pen 18. The nozzles of printhead 40 are 
measured with respect to a reference point 84 on pen 
20. The nozzles of printhead 42 are measured with re- 
spect to a reference point 86 on pen 22. Similarly, the 
nozzles of printhead 44 are measured with respect to a 

10 reference point 88 on pen 24. The position of each noz- 
zle then is measured with respect to each of the other 
pen body reference points 82-88, or the posltbn be- 
tween each reference point 82-88 is measured. Exem- 
plary reference points for the pen bodies are shown in 

IS Fig. 2. Various datums 94, 96, 98, 100. 102, 104 are 
manufactured on the pens 18-24 for use in positioning 
each pen In the carriage 26 or positioning the printhead 
on the pen. 

Still another alternative is to measure the nozzles, 

20 the printhead reference points 72-78 and/or the pen 
body reference points 82-88 with respect to a reference 
point 90 on the pen carriage assembly or some other 
printing device reference point 92 (see Fig. 1) on the 
printing devbe housing or other component. In the var- 

25 ious alternatives, the position of each nozzle Is meas- 
ured relative to one or more reference points so that the 
relative positbn of nozzles of all printheads 38-44 can 
be determined. Specifically, the alignment or lack of 
alignment of each nozzle Is determined. For misallgn- 

30 ment the characteristic misalignment or misalignment 
pattern Is determined. For example, the x-offset, y-offset 
or z-offset of a nozzle is determined. Also, a pattern of 
misalignment, such as the x-offset, y-offset, z-offset or 
rotational offset of a row is determined. As the nozzles 

3S of a given printhead typically are precisely aligned rela- 
tive to such printhead. It Is the variations from printhead 
to printhead caused by printhead misalignment that Is 
of most concem. Thus, patterns of misalignment are ex- 
pected. 

40 For nozzles manufactured to precise alignment with 
respect to Its printhead, the measurement process can 
be simplified by simply measuring a printhead reference 
point relative to other reference points (e.g., on same 
pen. plus reference points on other pens/printheads). 

45 Specifically, the position of each nozzle need not be 
measured since it Is known with respect to other nozzles 
on the same printhead. Typical alignment precision de- 
sired for 600 dots per inch printing is 1/600 inch (i.e., 
0.0012 Inch m/l) dot-to dot position placement on the 

so media sheet. 

Measurement Storage 

Once the measurements are made, the measure- 
rs ments values a coded representation thereof, or som 
other data indicative of absolute or relative position or 
alignm nt is stored. For example, in one embodiment a 
value Is stored for each nozzle. Such valu r presents 
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a distance in known units of offset In y and/or z di- 
nnensions for the given nozzle relative to an aligned po- 
sition of such nozzle. Alternatively, the value is relative 
to a known reference point or to a known relative coor- 
dinate system. s 

In one embodiment the values for a given printhead 
38 are stored electronically in circuitry on the flex circuit 
52 or elsewhere on the pen 18 of such printhead 38. In 
another embodiment the values are stored as a bar code 
on a bar code label 110 (see Fig. 2), which can be read io 
by an optical scanning device. 

In another embodiment, useful for misalignment 
patterns, markings are applied to the pen which exag- 
gerate the misalignment. Fig. 5 shows a pen embodying 
such markings. A first marking 120 serves as a refer- 
ence marking, a second marking 122 is set-off from the 
first marking in the x, and/or y and/or z direction. The 
second marking 1 22 also is rotated with respect to the 
first marking. The set-off distances and angle of rotation 
between the first and second markings are multiples of 20 
the actual set-off pattern ocurring among nozzles on the 
printhead. Consider the example in which the second 
marking is set-off by X2 (e.g., 0.02 inches) in an x direc- 
tion, Y2 (e.g.. 0.04 Inches) in the y direction and 0.0 in 
the z direction. For a multiple of 100, a second nozzle 
in a row is offset by 0.02/100 = 0.0002 inches in the x 
direction and 0.04/100 = 0.0004 inches in the y direction 
from where it should be positioned with regard to a first 
nozzle in the row If properly aligned. Each subsequent 
nozzle is further displaced by another 0.0002 inches in 30 
the X direction and 0.0004 inches in the direction caus- 
ing an accumulated offset from its aligned position. Con- 
sider also that the first marking 120 and the second 
marking 122 are crosses and that the second marking 
1 22 cross orientation is rotated in comparison to the first 3S 
marking cross orientation by R2 (e.g., 10 degrees). For 
a multiple of 100, each nozzle row of the printhead is 
skewed at an angle of 1 0/1 00 = 0. 1 degrees out of align- 
ment. Note that the multiples for the offsets and rotation 
may be the same or vary, but are known so the relation 40 
to the actual misalignment can be determined. In one 
embodiment, the first marking 120 is fixed at a given lo- 
cation on the pen, while the second marking 122 is ad- 
justable to define x-offset, y-offset. z-offset and/or rota- 
tional skew. For such embodiment, the second marking ^5 
1 22 is adjusted after optical measurement to define (and 
thus store) the misalignment information. 

Although particularly suited for pens having print- 
heads permanently positioned relative to a carriage 26, 
the inventive methods also are applicable to replaceable so 
pens with attached printheads. When a new pen replac- 
es an existing pen in the carriage 26. the nozzle location 
information is introduced to the printer in a manner that 
permits recomputation of nozzle timing signals. For ex- 
ample, nozzle measurements relativ to a refer nee 55 
point on the point are stored by one of th methods de- 
scribed abov (e.g.. electronic storage, bar code label, 
markings). By accurately placing th ref renc point of 



a pen at the same location on all pens and by accurately 
positioning the pen in the carriage, the embedded data 
is representative of printhead misalignment relative to 
the pen. Thus, the embedded data is used In place of 
similar data for the prior pen. 

Measurement Retrieval and Timing Compensation 

Typically the misalignment information is stored or 
embedded in the pens 18-24 at the factory once the 
pens 1 8-24 are assembled and Installed in the print car- 
riage 26. Thereafter the measurement infonnation is ac- 
cessed. For data stored electronically, the electronic 
storage medium is accessed. For example a printe r 
processor or printhead controller accesses the inform a- 
tion to adjust the nozzle timing signals so as to compen - 
sate for misalignment. Fo r bar code data, an optical sen- 
sor device within the printer reads the bar code. The en- 
coded information of the bar code then is accessed by 
the print processor or printhead controller to adjust the 
nozzle timing signals to compensate for misalignment. 
Alternatively an external device scans the bar code. The 
encoded data then is input to the printer or to a host 
computer. The host computer then downloads the infor - 
matton to the printer. The print processor or printhead 
controller the n adjusts t*** ^ '^pyylft ^■'Dfng signal to corn- 
p ensate for misalignment. Alternatively, the host com - 
puter processes -the encoded d a ta t hen downloads sig - 
nals for prompting the print processor or printhead co n- 
tro ller to adjust the nozzle timing signals . 

For the physical marking manner of storing meas- 
urement data as described above with regard to Fig. 5, 
a user or an optical sensing device measures the offsets 
between the two markings 120, 122, then feeds the data 
into a host computer The host processes the data then 
downloads processed data to the printer, or otherwise 
directly downk>ads the measurement data to the printer. 

Merltork>us and Advantageous Effects 

One advantage of the invention is the manufactur- 
ing tolerances for printer carriage and pen components 
can be slightly relaxed where burdensome. Such re- 
laxed tolerances are accounted for by the optical meas- 
urement and storage of alignment data. Thus, one or 
more printheads are able to print to desired accuracies. 
Although a preferred embodiment of the invention has 
been illustrated and described, various alternatives, 
modifications and equivalents may be used. For exam- 
ple, additional storage methods for embedding the 
measurement data at the pen includes magnetic striping 
and other known methods. Also, although described for 
multiple scanning pens, the methods also are applicable 
for one or more page-wide array penmanent or replace- 
able printheads. Therefore, the foregoing description 
should not be taken as limiting the scope of the inv n- 
tions which are defined by the app nded claims. 
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Claims 

1. An Inkjet pen apparatus (18/20/22/24) for use with 
an Inkjet printing device (10), comprising: 

a printhead (38/40/42/44) comprising a plurality 
of nozzles (56). each one of said plurality of 
nozzles defining a nozzle chamber for receiving 
ink; 

a pen body (18/20/22/24) to which the print- 
head Is attached, the pen comprising a reser- 
voir for holding ink, the reservoir coupled to the 

nozzle chambers; 

a reference point (72/74/76/78/82/84/86/88) 
* against which locations of the printhead noz- 
zles are measured; and 
means (52/1 1 0/1 20-1 22) for storing a misalign- 
ment indicator corresponding to a misalign- 
ment of the printhead, the misalignment indica- 
tor derived from printhead nozzle locations. 

2. The pen apparatus of claim 1 . in which the storing 
means comprises an optically detectable bar code 
(110). 

3. The pen apparatus of claim 1 , in which the printhead 
further comprises electronic memory which serves 
as the storing means. 

4. The pen apparatus of claim 1 , In which the storing 
means comprises a first marking (120) on the pen 
body and a second marking (122) on the pen body, 
and wherein the relative offset of the second mark- 
ing to the first marking is indicative of printhead mis- 
alignment. 



retrieving the mbedded printhead misalign- 
m nt data; and 

adjusting nozzle timing to compensate for print- 
head misalignment based upon th retrieved 
5 data. 

7. The method of claim 6 in which each pen further 
comprises electronic memory, and in which the step 
of embedding comprising storing the printhead 

10 alignment data in the electronic memory of the pen 
to which the data pertains. 

8. The method of claim 6 in which the step of embed- 
ding comprises applying an optically-detectable bar 

IS code (1 1 0) of the printhead alignment data. 

9. The method of claim 6 in which each pen further 
comprises a first marker (1 20) and a second marker 
(1 22), and in which the step of embedding compris- 

20 es adjusting the second marker position relative to 
the first marker position, and In which the relative 
position of the first and second marker embodies 
the printhead misalignment data. 

25 10. The method of claim 9 in which the relative position 
Indicates any one or more of a first planar offset, a 
second planar offset and a rotational offset, each 
one of the first planar offset, second planar offset 
and rotational offset occurring in a plane of the prlnt- 

30 head, and in which the first planar offset is for a di- 
rection orthogonal for a direction of the second pla- 
nar offset. 
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5. The pen apparatus of claim 4, in which the second 
marking (1 22) is adjustable to define a rotational off- 
set relative to the first marking which is indrcative of 
rotational skew of a nozzle row on the printhead. 40 

6. A method for adjusting the timing of printhead noz- 
zles (56) to compensate for printhead misalignment 
In an Inkjet printing apparatus (10) comprising a plu- 
rality of Inkjet pens (1 8-24), each one of the plurality 45 
of Inkjet pens comprising a printhead (38/40/42/44), 

a pen body to which the printhead is attached, and 
a reference point (72/82, 74/84. 76/86, 78/88), each 
printhead having a plurality of nozzles through 
whteh ink is ejected for printing to a media sheet, so 
the method comprising the steps of: 



for each printhead optically measuring print- 
head alignment relative to the reference point 
of the pen comprising such printhead; 

mb dding printhead alignment data into each 
pen, said data corresponding to the printhead 
of the pen at which the data is embedded; 
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